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CHAPTER I 
INTRODUCTION, HISTORICAL SURVEY, AND PROBLEM 
In carbohydrate chemistry, methylation is important 
mainly from the point of view of structural determination, 
constitution, and types of linkages of the sugars with each 
other and other residues. When methylation of the poly-
saccharide is followed by different suitable hydrolyses 
(e.g. acid or enzymatic), then isolation of the methylated 
fragments and their identification allows one to deduce the 
structure of the polysaccharide, as the sites of the 
linkages are not methylated in the fragments. The struc-
tural formulae of many types of glycosides and antibiotics 
were investigated in this manner. Identification of the 
methylated fragments is usually done by comparison with 
selectively substituted methyl ethers which have been 
prepared independently from the monosaccharides. 
Therefore, since the beginning of the twentieth 
century, chemists have taken a keen interest in methylation 
of carbohydrates, and they have tried to find different 
means and suitable processes, as well as an ideal reagent, 
which would serve in the methylation of a large variety of 
sugars. In 1903, Purdie and Irvine (29) introduced methyl 
iodide and silver oxide (Purdie's reagent) for the methyla-
tion of a number of oligo and polysaccharides. In 1915* 
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Haworth (8) introduced dimethyl sulfate and 30-J+O/S aquepus 
sodium hydroxide at low temperatures in an inert atmo-
sphere. This method was quite successful in the methyla-
tion of polysaccharides. In 193U-, Muskat (27) introduced . 
methyl iodide, alkali metal, and liquid ammonia in his 
methylation techniques. In 1938, Hess and Lung (10) 
succeeded in methylating acetylated raffinose by using 
liquid ammonia and methyl iodide as a reagent. For the 
first time in 1939, Hough and Jones (11) made use of ' 
diazomethane to me thylate sugar having a sensitive group 
such as epoxide. Dimethyl sulfate and sodium hydroxide in 
dioxane were used by Neuberger (28) in 194-1. 
The availability of polar, aprotic solvents (BMF, 
DMSO) brought much progress. Kuhn (22) improved methyla-
tion techniques by introducing methyl iodide, silver oxide 
and N,N-dimethyl formamide (DMF). Following methylation, 
the mixture is poured into water. Addition of potassium 
cyanide results in the coagulation of silver oxide. 
Finally, the methylated product is extracted with chloro-
form. Although this method proved to be quite successful 
în the methylation of monosaccharides and partially 
methylated polysaccharides (38), much care and precaution 
is required in handling of potassium cyanide. 
Recently, Kuhn (21) substituted barium oxide and 
barium hydroxide for silver oxide. This method has proved 
3 
to be extremely useful in the methylation of oligosaccha-
rides and monosaccharides. In addition, Kuhn (21) employed 
this method in identifying the constituents, and their 
manner of linkage, in the complicated structures of 
gangliosides G-l and G-2, which have bean extracted from 
cows1 milk. 
Quite recently, Srivastava, Harshe, and Singh (31) 
modified Kuhn*s method by using dimethyl sulfoxide (DMSO) 
instead of N,N-dimethyl formamide, as a solvent, and • 
drierite (anhydrous calcium sulfate), as a drying reagent. 
They obtained a comparatively higher yield of methylated 
products from D-glucose, D-fructose, maltose, sucrose, and 
dextrin. 
Amino sugars are very widely distributed in natural 
products, such as polysaccharides and antibiotics (19), and 
in the constituents of many other important glycosides. 
Partially and totally methylated amino hexoses provide 
references and supply starting materials for further 
investigation. This led to the synthesis of a number of 
methylated amino hexoses, particularly glucosamine and 
calactosamine. 
In the partial methylation of amino hexoses, it is 
necessary for those hydroxyl groups, which one does not 
wish to methylate, to be blocked by a proper, easily 
removable reagent; after which, the desired hydroxyl group 
k 
may be methylated and the blocking group removed to pro-
duce the final methylated product. 
At this point it would perhaps be beneficial to cite 
certain examples of methylated glucosamine and galactos-
amine. In the first methylation of glucosamine, Cutler (3) 
and his coworker prepared 3A>6-trimethyl glucosamine by 
methylating J^methy 1-iM-acetyl-D-glucosamine with methyl-
sulfate, l\.0% sodium hydroxide, and carbon tetrachloride as 
a solvent. The reaction at first took place at room -
temperature, later at I|.£c. Subsequent acidic hydrolysis 
of the blocking groups produced the desired product. 
In 19i|l, Neuberger (28) synthesized 3-0-methyl 
glucosamine hydrochloride from N-acetyl-<k-methyl-glucos-
aminide. First, the hydroxyl groups at C-Ij. and C-6 were 
blocked by benzylidenationj then the hydroxyl group at C-3 
v/as methylated with dimethyl sulfate and 30?2 sodium hy-
droxide, the benzylidene group removed with 60% acetic 
acid solution, and finally, the N-acetyl group and the 
aglycon removed with 2.f? N. hydrochloric acid to obtain the 
end product, 3-0-methyl-glucosamine hydrochloride. 
Jeanloz has synthesized the majority of the par-
tially methylated glucosamines. Starting from methyl 
2-acetamido-2-deoxy-6-0-Lrityl-d^-D-glucopyranoside, he 
methylated with Purdie's reagent and obtained the ^-methyl 
ether of 2-amino-2-deoxy-D-glucose as a side product (llj.). 
5 
Then the latter compound was prepared by an independent 
method (17). The hydroxyl groups at C-ij. and C-6 of methyl 
2-acetamido-2-deoxy-<£-D-glucopyranoside were blocked by 
benzylidenation and p-toluenesulfonyl introduced at the C-3 
hydroxyl group. Then, by removing the benzylidene from the 
hydroxyl groups at C-I4. and C-6, followed by selectively 
introducing p-toluenesulfonyl at the C-6 hydroxyl group, 
the C-I4. hydroxyl group was methylated with Purdie's 
reagent. Finally, the p-toluenesulfonyl groups at C-3 and 
C-6 and the N-acetyl group were removed by hydrogenolysis 
and acidic hydrolysis. Thus, the ij.-methyl ether of 2-
amino-2-deoxy-D-glucose was obtained. 
In 1951+j Jeanloz (16) synthesized the 6-methyl ether 
of glucosamine by two different methods.' In the first 
method, methyl 2-acetamido-2-deoxy-6-0-trityl-e^-D-gluco-
pyranoside was used as a starting material; benzoyl 
groups were introduced at the hydroxyls of C-3 and C-I4.. 
Then the C-6 trityl was removed with dilute.acetic acid 
and the hydroxyl group at C-6 methylated with Purdie's 
reagent. The protecting groups of the C-3 and C-l± hy-
droxyls were detached by saponification, and acidic 
hydrolysis yielded the final product, 2-aminp-2-deoxy-6-0-
methy 1-cJl-D-glucose hydrochloride. In the second method, 
the C-3 and C-I4. hydroxyl groups, of the above starting 
material, were protected by benzylidenation. Then the C-6 
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trityl was removed. Methylation, with dimethylsulfate and 
30% sodium hydroxide, and the removal of the blocking 
groups at the C-3 and C-I4. hydroxyls by reduction, yielded 
a final product .identical to that of the first method. 
In 19^2, Jeanloz (ll|.) prepared the 3,!i.-methy 1 ether 
of 2-amino-2-deoxy-D-glucose, using as his starting mate-
rial methyl 2-acetamido-2-deoxy-6-0-trityl-<4rD-glucopyra-
noside. After methylation of the C-3 and C-k- hydroxyl 
groups, the blocking groups were removed by acidic hydrol-
ysis to yield 3>^l--di-0-methyl-2-amino-2-deoxy-D-glucpse 
hydrochloride. Jeanloz also prepared this compound by 
methylation of methyl 2-acetamido-2-deoxy-3-Q-methy1-6-0-
trityl-<k-D-glucopyranoside. 
In 1961, Jeanloz (13) synthesized 2-amino-2-deoxy-
3,6-di-O-methyl-D-glucose, using as his starting material 
2-acetamido-2-deoxy-3-0-methyl-6-0-trityl-(£-D-glucopyra-
noside. First, the C-J4. hydroxyl was blocked by treatment 
with benzoyl chloride, after which the C-6 trityl was 
removed and the C-6 hydroxyl group methylated with Purdie's 
reagent. Then, the benzoyl group was eliminated with 
alkali to obtain methyl 2-acetamido-2-deoxy-3,6-di-0-
• 
methyl-cC-D-glucopyranoside. Finally, this compound was 
subjected to hydrolysis with hydrochloric acid to yield 
2-amino-2-deoxy-3,6-di-0-methyl-D-glucose. Jeanloz could 
1 
obtain this final product only in a syrupy form. 
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In 1939, Haworth, Lake, and Peat (9), for the first 
time, prepared the 4,6-di-O-methy1 ether of 2-amino-2-
deoxy-D-glucose by treating 2,3-anhydro-l4.,6-di-0-methyl-/3-
D-mannoside with ammonia. They then acetylated the amino 
group and removed the blocking groups by acidic hydrolysis. 
They obtained" only a poor yield of the final product. 
In 1951|-> the -̂anorner of I).,6-di-methyl ether of 2-
amino-2-deoxy-D-glucose was synthesized by Jeanloz (l£)• 
He employed two different methods. In both, the hydroxyl 
groups at C-l\. and C-6 were first protected by benzylidena- • 
tion. In the first method, he blocked the hydroxyl at C-3 
* 
by a benzoyl group, and in the second, by p-toluenesui-
fonyl. Following debenzylidenation and methylation, in 
•the first method, he removed the blocking group from the 
C-3 hydroxyl by alkaline hydrolysis, and in the second 
method, he removed the blocking group by reduction. The 
final products of both methods were identical. 
The methylation of D-galactosamine has proved to be 
nearly as important as that of glucosamine. Although, 
in most cases, methylation of galactosamine has much in 
common with that of glucosamine, the problem, in this case, 
is complicated by the fact that in the C-l chair conforma-
tion, the hydroxyl group at C-ij. has an axial, rather than 
an equatorial, orientation. The axial hydroxyl often 
resists methylation. 
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Prior to the methylation of D-galactosamine, the 
amino group is blocked by N-acetylation. In most cases, 
methyl iodide and silver oxide were used as the rnethylating 
reagents. Partially methylated ethers were obtained by 
protecting the hydroxyl group, which one does not wish to 
methylate, with a blocking group that may be easily removed 
after the methylation process. 
In 1951J-* Stoffyn and Jeanloz (33) employed the same 
method for the synthesis of methyl 2-acetamido-2-deoxy-3-
O-methyl-JUD-galactopyranoside as was used for the synthe- * 
sis of the 3-niethyl ether of D-glucosamine. The rnethyl-
ating reagent in this process was dimethyl sulfate in 
dioxane solution. 
James eX aK (12) prepared the lj.-0-methyl ether of 
galactosamine hydrochloride, using as their starting 
material l,6:2:3-dianhydro-/3-D-talose. The hydroxyl 
group at C-ij. was methylated; then, the 2:3 epoxide was 
opened with ammonia, and the resulting amino group at C-2 
and the hydroxyl at C-3 were acetylated. Finally, after 
opening the 1,6 anhydro ring and deacetylation, the 
desired ij.-methyl ether was obtained. 
Two different procedures were used by Stoffyn and 
Jeanloz in 19£8 (32) to prepare 6-0-methyl-D-galactosamine 
hydrochloride. In the first method, starting with methyl 
N-acetyl-D-galactosaminide, the hydroxyl group at C-6 was 
9 
tritylated; then, the hydroxyls at C-I4. and C-3 were 
benzoylated. Finally, the hydroxyl group at C-6 was 
methylated, after the trityl group was removed. In the 
second method, the hydroxyls at C-3 and C-lj. were first 
blocked by the isopropyiidene group. After methylation of 
the C-6 hydroxyl group, the blocking groups were hydro-
lysed. 
In 195U-* Stoffyn and Jeanloz (3if) synthesized the 
14.,6-O-benzylidene derivative of methyl N-acetyl-<£-D- " 
galactosaminide. The hydroxyl group on C-3 was protected 
by the p-toluenesulfonyl residue, and the benzylidene group 
was removed. Finally, the hydroxyl groups on C-I4. and C-6 
were methylated, and the other blocking groups were removed 
to yield the Ij.,6-di-0-methyl ether of galactosamine 
hydrochloride. 
In 1957* Jeanloz, Schmid, and Stoffyn (18), starting 
with l,6:2,3-dianhydro-^-D-talose, prepared the 3^-di-
methyl ether of galactosamine hydrochloride. The epoxide 
was opened with ammonia to obtain 2-amino-l,6-anhydro-2-
deoxy-^-D-galactopyranoside. Then, this was acetylated 
with acetic anhydride in methanol, which led to the 
formation of 2-acetamido-l,6-anhydro-2-deoxy-/i-D-galacto-~ 
pyranose. This was then methylated with methyl iodide and 
silver oxide in DMF. Only the equatorial hydroxyl at C-lj. 
was methylated. The methylation of the C-3 axial hydroxyl 
10 
was accomplished with methyl sulfate and sodium hydroxide 
in a low yield. The resulting product, 2-acetamido-l,6-
anhydro-3,i;-di-0-methyl-y3-D-galactopyranoside, was treated 
with 2N. hydrochloric acid, and 3 A-di-O-methyl-D-galactos-
amine hydrochloride was obtained in the form of a colorless 
syrup. 
In 1961, Stearns, Naves, and Jeanloz (32) followed 
two different routes in an attempt to prepare the 3»4-
methyl ether of galactosamine. In the first route, 2-
acetamido-2-deoxy-6-0-triphenylmethyl-/-D-galactopyranoside * 
was directly methylated in the expectation that only the 
3-0-methyl ether would be obtained selectively. Since the 
bulky trityl group was expected to stabilize the C-l chair 
conformation of the molecule, the axial hydroxyl at C-I4. 
should become, therefore, less reactive; however, some 
[(.-methylation occurred also. This proved that the C-I4. 
axial hydroxyl group was not rendered completely inactive. 
The 3-0-methyl ether was separated by chromatography and 
benzoylated. Only a small quantity of the expected methyl 
2-ac etamido-l4--0-benzoyl-2-deoxy-3-0-methyl-6-0-triphenyl-
methyl-</rD-galactopyranoside was obtained and isolated as 
a pure product; it was then detritylated and the resulting 
compound subjected to methylation under alkaline conditions 
to produce the 3»6-di-0-methyl ether. During the methyla-
tion process, two-thirds of the l|.-0-benzoyl group migrated 
11 
from the axial position at C-ij. to the primary hydroxyl at 
C-6. The major product of this methylation was methyl 2-
acetamido-6-0-benzoyl-2-deoxy-3-0-methyl-^,-D-galactopyrano-
side; the expected methyl 2-acetamido-i|-0-benzoyl-2-deoxy-
3,6-di-O-methyl-^-D-galactopyranoside turned out to be a 
* 
very minor product with only a },% yield. This latter 
product was hydrolysed to form methyl 2-acetamido-2-deoxy-
3,6-di-O-methyl-tA-D-galactopyranoside. In their second 
route, assuming that the conformation which encouraged 
the benzoyl group to migrate from the axial position at C-I4.' 
to the primary hydroxyl at C-6 would also protect the C—i+. 
hydroxyl from attack and encourage the methylation of the 
C-6 hydroxyl, methyl 2-acetamido-2-deoxy-3-0-rnethyl-o(-D-
galactopyranoside was subjected to direct methylation with 
methyl iodide and silver oxide to produce methyl 2-acet-
amido-2-deoxy-3,6-di-0-methyl-/-D-galactopyranoside in good 
yield. 
Some other important methylation products.of amino 
hexoses are their N-raethyl derivatives. The N-methyl 
derivatives of certain amino sugars were synthesized to 
elucidate the structure of certain antibiotics and for 
use as reference compounds. A number of antibiotics, such 
as: streptolin B, roseuthricin A, raceomycin A (37)* 
mannosidostreptomycin (2£), and bluensomycin (1), contain 
N-methylated amino hexoses in their structure. 
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In 19^6, Kuehl et. aK (20) isolated N-methyl-L-
glucosamine by degradation of streptomycin. Later, in 
191+7» Frederick et, â .. (lj.) synthesized N-methyl-L-glucos-
amine from L-arabinose. They treated L-arabinose with 
methylamine and hydrogen cyanide which led to the formation 
of methylaminonitril of L-arabinose. By hydrolysis, lac-
tone formation, and finally, reduction of the latter 
product, N-methyl-L-glucosamine was produced. Frederick 
et al. (I4.) also obtained N-methyl-D-glucosamine by direct 
methylation of D-glucosamine with dimethylsulfate in a 
sodium hydroxide solution. N-raethyl mannosamine was also 
synthesized (37) as a reference compound. But N-methyl-D-
gulosamine has not been previously prepared. 
In 19£&, for the first time, D-gulosamine was isola-
ted by acidic hydrolysis from the streptomyces antibiotics, 
streptothricin and streptolin B, by Van Tamelen e_t al.. 
(37). In 1957, Tarasiejska and Jeanloz (36) published the 
first synthesis of D-gulosamine. The succeeded,in 
synthesizing this prominent, naturally occurring amino 
hexose and its derivatives with good yields. Starting from 
methyl 2-amino-2-deoxy-^-D-galactopyranoside, they employed 
* 
N-acetylation and benzylidenation;.they then treated the 
resulting product with methanesulfonyl chloride to intro-
duce the mesyl group on the hydroxyl at C-3. By removing 
the benzylidene from the C-I4. and C-6 positions with aqueous 
13 
acetic acid, methyl 2-acetamido-2-deoxy-3-0-methylsulfonyl-
cJUD-galactopyranoside was formed. It was refluxed with 
sodium acetate in aqueous methylcellosolve to form methyl 
2-acetamido-2-deoxy-<£-D-gulopyranoside. This compound 
was then hydrolyzed with hydrochloric acid, and the final 
product, 2-amino-2-deoxy-D-gulose hydrochloride was 
obtained with a 66$ yield. 
In 1961, J. C. Sowden and M. L. Oftedahl (30) 
prepared D-gulosamine hydrochloride by condensing D-xylose 
with nitromethane. After acetylation, a double bond, was 
introduced between C-l and C-2. Ammonia was addedj the 
resulting product was acetylated and finally hydrolyzed &o 
obtain the final product in a 1%% yield. 
In 1961}., Gross, Brendel, and Zimmerman (6) synthe-
sized D-gulosamine hydrochloride by starting with benzyl 
N-carbobenzoxy~3A-anhydro-jl-D-galactosaminide. With 
acetic acid, the latter product was converted to benzyl 
(k-D-gulopyranoside-^^' :l+.,5>)-oxazolidone-2. By hydrol-
ysis, D-gulosamine hydrochloride was obtained. 
No attempt has been made until now to synthesize any 
methyl ethers of D-gulosamine, nor is anything known about 
N-methy1-D-gulosamine and its derivatives. Among the many 
possible methyl derivatives of D-gulosamine, the Ij.-0-methyl 
and !{.,6-0-methyl ethers of N-methyl-D-gulosamine, and this 
amino sugar itself, and a number of its derivatives were 
to be investigated in this work. In the process of 
preparing the starting material for these compounds from 
benzyl N-carbobenzoxy-^-D-glucosamine, a few derivatives of 
this latter substance, which had not been previously 
synthesized, had to be prepared. Synthesis of N-methyl-D-
gulosamine and its methyl ethers was the primary goal of 
this investigation, in the hope that the information 
provided here might be used as a reference for the struc-
tural determination of natural products and antibiotics in 
which N-methyl-D-gulosamine may be contained. It is. not 
inconceivable that a methylated product of D-gulosamine 
may, at some future date, be found as a constituent of a 
new antibiotic. 
From the chemical standpoint, it was, in this con-
text, interesting to investigate the properties of the 
oxazolidone between C-2 and C-3 as a blocking group. 
Although it was expected for various reasons that methyl-
ation would occur at the nitrogen, this was not,at all 
certain. Kuhn (21),< reported for his conditions of 
methylation, which were used here also, no N-methylation 
of the acetamido groups. On the other hand, it was not 
certain whether the oxazolidone ring would be stable under 
the alkaline conditions of methylation. 
i 
IS 
AC- = -COCH3 
B z l - = -CH2C6H£ 
Cbz- = -C02CH2C6H5 
Ms- = -SO2CH3 
T r - = -C(C 6 H^) 3 
Me- = -CH0 
• 
EXPLANATION OF SYMBOLS 
FIGURE 1 
CHAPTER II 
DISCUSSION OF RESULTS 
Chitin was hydrolyzed (21+) to obtain the pure D-
glucosamine hydrochloride (I) (Figure 2), which was used 
as the starting material for this entire investigation. 
The amino group of (I) was protected by carbobenzoxylation 
(19,23)i and 2-benzyloxycarbonylamido-2-deoxy-D-glucose 
(N-carbobenzoxy glucosamine) (II) was prepared. Glycosida-
tion of (II), through a known process (7) with benzyl 
alcohol in the presence of hydrochloric acid, led to the 
formation of an i*(b anomeric mixture of the benzylglycoside 
(III). 
A mixture of JL. and /3 glycopyranosides and/or 
furanosides. is generally formed in the process of acidic 
glycosidation, since the glycosides readily equilibrate 
under the conditions employed. The ratios of glycosides 
formed are, usually, as is to be expected, quite indepen-
dent from the type of catalyst employed. 
In order to work on the pure jt-anomer of benzyl-N-
carbobenzoxy-D-glucosamine, the (̂,/3 mixture of (III) was 
first acetylated, and the acetylated product was separated 
(7). Thus, pure benzyl 3,4,6-0-acetyl-2-benzyloxycarbonyl-
amido-2-deoxy-<f(-D-glucopyranoside (VI) was synthesized.^ 
(VI) was hydrolyzed to form benzyl 2-benzyloxycarbonyi-
I t 
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CH20H CH2OH CH20H 
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amido-2-deoxy-o(-D-glucopyranoside (VII). The hydroxyl 
groups at C-lj. and C-6 of (VII) were then protected by 
benzylidenation with benzaldehyde in the presence of fused 
zinc chloride under dry conditions; benzyl l|.,6-benzylidene-
2-benzyloxycarbonylamido-2-deoxy-^rD-glucose (VIII) was 
thus obtained. The hydroxyl group at C-3 of (VIII) was 
acetylated with acetic anhydride in pyridine solution to 
give benzyl l|,6-benzylidene-3-0-acetyl-2-benzyloxycarbonyl-
amido-2-deoxy-flC-D-glucose (IX). Finally, hydrolysis of 
the benzylidene group in (IX), with aqueous acetic acid, 
led to the formation of benzyl 3-0-acetyl-2-benzyloxy-
carbonylamido-2-deoxy-^-D-glucopyranoside (X). 
An attempt was made to prepare benzyl <£-D-gluco-
pyranosido-(2'3l :ij.,5)-oxazolidone-2 (XVII) from (X) as a 
key compound for the methylation of D-gulosamine and its 
derivatives. In order to obtain a derivative of (X) that 
could be selectively methanesulfonated in the ̂ -position, 
it was necessary to first protect selectively the 6-
position which was also free. The group mostly used for 
this purpose is the triphenylmethyl ("trityl") group. 
Only in a very few cases was a tritylation of the secondary 
hydroxyl group observed under severe conditions. Obvi-
ously, then, steric hindrance does not permit tritylation 
of the secondary hydroxyls. 
Thus, (X) was dissolved in absolute pyridine, and 
19 
triphenylmethyl chloride was added. As expected, only C-6 
of (X) was tritylated (2) to yield benzyl 3-0-acetyl-2-
benzyloxycarboylamido-2-deoxy-6-0-triphenylmethy1-^-D-
glucopyranoside (XI) (Figure 3). (XI) could not be crys-
tallized and, therefore, was not subjected to analysis; 
however, the results of thin layer chromatography, as well 
as the analytical results of the following derivatives, 
gave reasonable evidence of this product's structure. 
To the cold pyridine solution of (XI), methylsulfonyl 
chloride was added; thus, the only available hydroxy! at 
C-lj. was attacked by the reagent, yielding benzyl 3-0-
acetyl-2-benzyloxycarbonylamido-2-deoxy-ij.-0-methylsulfonyl-
6-0-triphenylraethyl-JcD-glucopyranoside (XII). In the 
process of crystallization, a small portion of the tri-
phenylcarbi.nol was apparently cleaved from its C-6 posi-
tion. This fact can be explained by the solvolysis of a 
small fraction of the methyl sulfonate groups. The 
resulting methylsulfonic acid must have cleaved.some of 
the trityl groups which are known to be extremely sensitive 
to acid. 
In order to obtain benzyl 3-0-acetyl-2-benzyloxy-
• 
carbonylamido-2-deoxy-lj.-O-methylsulfonyl-^rD-glucopyra- • 
noside ( X I I I ) , the t r i t y l group a t the C-6 pos i t i on of 
(XII) was s e l e c t i v e l y removed by ac id ic hydrolys is to 
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FIGURE 3 
and elemental analysis not only proved the structure of 
this particular compound but also, indirectly, that of (XI) 
and (XII) from which it was derived. 
As (XI) could not be crystallized and (XII) and 
(XIII) did not give satisfactory yields, no attempt was 
made to prepare the oxazolidone (XVII) from (XIII); 
instead, benzyl 3-0-acetyl-2-benzyloxycarbonylamido-2-
deoxy-JsrD-glucopyranoside (X) was converted through a 
series of known processes (7*5*6) into the oxazolidone 
(XVII). The only available hydroxyls at C-lj. and C-6. of 
(X) were reacted with methylsulfonyl groups in a manner 
identical* to that described previously, and benzyl 3-0-
ace tyl-2-benzyloxy carboy 1 ami do-2-deoxy -I4., 6-di-0-me thy 1-
sulfonyl-^-D-glucopyranoside (XIV) (Figure l\) was formed. 
m 
It has been shown that it is possible to replace, 
selectively, the methane sulfonate in the 6-position, which 
is generally more reactive, by acetate ion. Therefore, 
following the procedure of Gross and Zimmerman (7), the 
crystals of (XIV) were dissolved in a mixture of acetic 
acid and acetic anhydride. Potassium acetate was added 
,and the mixture heated. The resulting product, benzyl 
3,6-d i -0-ace ty 1 -2-be nzy 1 oxycarbony 1 ami do-2-deoxy-ij.-O-
methylsulfonyl-<£-D-glucopyranoside (XV) was extracted with 
ether. 















and a solution of .5N potassium hydroxide was added at room 
temperature. These conditions, although relatively mild, 
result in the removal of the methanesulfonate in the im-
position. It has to be assumed (6) that this is due to 
the anchimeric assistance of an alkoxide ion that is formed 
as an intermediate in the de-O-acetylation at the 3-posi-
tion, which must be regarded as the primary process. The 
backside attack of this alkoxide ion leads to the formation 
of an epoxide; in this case, benzyl 3,l\.-a.nhydro-2-beT\zyl-
oxycarbonylamido-2-deoxy-«£-D-galactopyranoside (XVI)* 
Finally, (XVI) was dissolved in a hot mixture of 
glacial acetic acid and water and then heated. After 
distillation of the solvents, a crystalline product, benzyl 
<k-D-gulopyranosido-(2'3' ;i}.,!?)-oxazolidone-2 (XVII), was 
obtained. A description of the mechanism involved has been 
given by Gross, Brendel, and Zimmerman (6): 
The possession of the foregoing epoxide opened up the 
interesting possibility of obtaining a second stereo-
specific configurational inversion by means of a 
neighboring group-assisted opening of the epoxide 
ring (J4.). By utilizing an acidic medium, it was 
believed that formation of the epoxonium ion would 
induce ring closure across C-2 and C-3 accompanied 
by inversion at C-3. This would have the net effect 
of transferring the positive charge to the benzyl 
moiety of the carbobenzoxy group, which is not only 
resonance-stabilized, but can also readily undergo 
cleavage by aid of combination with an anion of the 
medium. 
CH20H 
" & / • 
C6H^-CH2-^0 
:X 
It was thought that this oxazolidone (XVII) would 
provide a good starting material for selective methylation 
of D-gulosamine and its derivatives, inasmuch as the 
oxazolidone is stable against acid and the mildly basic 
conditions of methylation. It was anticipated that the 
cyclic amide group would behave differently against the 
methylating agents as compared to straight chain amides. 
N-acetyl-glucosamine was not methylated at the nitrogen 
under the conditions described by Kuhn (21). Therefore, 
the behavior of the oxazolidone group was first tested 
under these conditions. 
In order to exclude methylation in the postions i\. 
and 6 of the oxazolidone (XVII), they were protected by a 
benzylidene group. Thus, benzyl 1̂ .,6-benzylidene-dC-D-gulo-
pyranosido-(2«3l ji4-,5)-oxazolidone-2 (XVIII) (Figure 5) was 
synthesized. Then, (XVIII) was subjected to saponifica-
tion. The nucleophilic attack at the carbonyl group of the 
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bered ring, and this led to the formation of benzyl lj.,6-
benzylidene-2-amino-2-deoxy-X-D-gulopy>ranoside (XIX). This 
was used as a reference compound for comparison with its 
N-methyl derivative (XXII). Compounds, similar in nature 
to that of (XIX), have recently gained interest in our 
,research laboratory; similar amino alcohols of the glucose, 
allose, and altrose series have been prepared by the members 
of our group. 
When now the oxazolidone (XVIII) was investigated 
under methylating conditions, it was indeed found that N-
methylation did occur. For the preparation of benzyl i|.,6-
benzylidene-N-methyl-^-D-gulopyranosido-(.2l3':^,5)-oxazoli-
done-2 (XX) from (XVIII), the Kuhn method of methyiation 
(21) was employed by using methyl iodide as. a reagent, 
barium oxide as a base and a drying reagent, barium hydrox-
ide octahydrate as an activating reagent, and N,N-dimethyl-
formarnide (DMF) as a solvent. The methyiation proceeded at 
room temperature, and, as was anticipated, the mildly 
alkaline medium did not cleave the oxazolidone ring. The 
mechanism could have involved either the attack of the 
nitrogen by a methyiation causing the elimination of the 
proton (i.e. SN^), or the attack of the nitrogen by methyl 
iodide causing the elimination of hydrogen iodide (SN2). 
In any case, the acid was neutralized by the reagent and 
did not cause the cleavage of the benzylidene group at C-i| 
27 
and C-6. 
In order to. prepare 2-methylamino-2-deoxy-D-gulose 
hydrochloride (XXV), the blocking groups had to be removed 
from (XX). It would seem that hydrolysis with mineral acid 
would remove all the blocking groups at once; however, it 
has been found in a similar case (6) that the oxazolidone 
group is extremely stable against acid. Therefore, this 
group has first to be removed by a base. This had to be 
done before the benzyl glycoside was cleaved because amino 
sugars with a free anomeric center are subject to rapid 
degradation in an alkaline medium. Therefore, benzyl 2-
methylamino-2-deoxy-£-D-gulopyranoside acetate (XXIII) was 
obtained by two different routes. In the first route, 
an electrophilic attack of (XX) occurred with acetic acid 
which caused the complete removal of the benzylidene group 
from the C-l\. and C-6 positions. Benzyl N-methyl-X-D-
gulopyranosido-(2l3l :l4-,£)-oxazolidone-2 (XXI) was isolated 
in pure crystalline form. Then, a nucleophi.lic. attack of 
(XXI) occurred with potassium hydroxide; the oxazolidone 
ring was cleaved, and this led to the formation of (XXIII) 
in low yield. In the second route, the procedural order 
was reversed. First, the oxazolidone ring of (XX) was 
cleaved with potassium hydroxide, and benzyl lj.,6-benzyl — 
idene-2-methylaminp-2-deoxy-^-D-gulopyranoside (XXII) was 
obtained in pure, crystalline form. Then, by removing the 
benzylidene group from (XXII) with acetic acid, the acetic 
acid salt of (XXIII) was formed. The yield obtained by the 
second route was much better. 
In order to obtain 2-methylamino-2-deoxy-D-gulose 
hydrochloride (XXV), it was necessary to protect the N-
methyl group of (XXIII) with an acetyl group. If this had 
not been done, the hydrolysis of the glycoside would have 
been possible only under severe acidic conditions. It is 
well known (26) that salt formation with a 2-amino group 
protects the glycoside group against acidic hydrolysis. 
The positive space charge of the ammonium ion prevents the 
approach of protons to the glycosidic group. Thus, (XXIII) 
was acetylated in the usual manner which led to the 
formation of benzyl 3*i|-»6-tri-0-acetyl-2-(N-methyl-acet-
amido)-2-deoxy- ̂ -D-gulopyranoside (XXIV). The results of 
TLC, rotation, infra-red spectra, melting point, and 
finally analysis, showed the purity and complete 0-acetyl-
ation and N-acetylation of this crystalline product. 
In the final procedure, (XXIV) was subjected to 
hydrolysis with dilute hydrochloric acid at moderate 
temperatures to remove first the glycoside residue. Then, 
the hydrolysis was continued at higher temperatures with 
2N. hydrochloric acid to eliminate the acetyl residues. 
Thus, 2-methylamino-2-deoxy-D-gulose hydrochloride (XXV) 
was obtained. 
An attempt was made to crystallize this compound 
under dry conditions. Short life crystals were formed at 
first, but due to their extremely hygroscopic nature, (XXV) 
could not be, subjected to analysis. However, results of 
paper chromatography, rotation, and infrared spectra, when 
compared with those of the compound1s starting materials, 
strongly indicated the formation and purity of (XXV). 
For the synthesis of lj.-0-methyl-2-methylamino-2* 
deoxy-D-gulose hydrochloride (XXXI), the oxazolidone (XVII) 
was expected to-provide a good starting material for-the 
selective methylation of the hydroxyl group at C-i|.. In the 
C-l conformation, the benzyloxy group, as well as the 
functional group at C-3 and C-lj., are in axial position. 
Only the C-6 hydroxy-methyl group and the nitrogen are 
equatorial.. Therefore, one can conclude that (XVII) would 
easily react in the 1-C conformation, in which the hydroxyl 
group at the C-lj. position becomes equatorial, along with 
the groups at C-3 and at the anomeric center.. 
This is of importance since it has been found that 
the axial hydroxyl in the C-J4. position of methyl 2-acet-
amido-2-deoxy-3-0-methyl-£-D-galactopyranoside (32), and 
at the C-3 position of 2-acetamido-l,6-anhydro-2-deoxy-)3;-
D-galactopyranoside (18) may resist methylation. If the 
methylation occurs in the 1-C conformation, the cyclic 
oxazolidone group protecting C-2 and C-3 should offer an 
advantage by "bending away" the substituent of the C-3 
position, minimizing in this way steric hindrance. This 
protecting group should also prove valuable in that an acyl 
migration between the C-3 and C-I4. positions is excluded. 
Such acyl migrations have been observed (18) before under 
the same conditions of methylation. Also, the chemical 
stability of (XVII), which has been previously mentioned, 
constitutes an advantage for using this compound as a 
starting material. 
In the preparation of the lj-0-methyl ether of-
gulosamine, it was first necessary to. selectively protect 
the C-6 hydroxyl group of (XVII). Previous experiences 
showed that the "trityl would be a good protecting group. 
Benzyl 6-0-triphenylmethyl-^-D-gulopyranosido-(2'31:4»5)-
oxazolidone-2 (XXVI) (Figure 6) was prepared from (XVII). 
The latter compound was tritylated in the usual manner and 
(XXVI) was obtained in pure crystalline form. As expected, 
only the C-6 was attacked by the trityl chloride.. 
Methylation of (XXVI) was accomplished by following 
a method similar to that used by Xuhn (21), as has been 
described previously. But in this case, the reaction 
mixture was made more basic by the addition of barium oxide 
to maintain a basic medium of PH-10. It was observed that, 
when the reaction mixture was less basic at the beginning, 












































finally made the reaction mixture acidic, thereby causing a 
partial removal of the trityl group. On the other hand, the 
oxazolidone ring cleavage may occur in a strongly basic 
medium. By regulating the conditions of the reaction, 
complete 0 and N-methylation took place, and a pure, 
crystalline compound, benzyl ij.-O-methyl-N-methyl-6-O-
triphenylmethyl-^-D-gulopyranosido-^^1 :ij.,5)~oxazolidone-
2 (XXVII), was obtained. 
In order to prepare the lj.-0-methyl ether of N-methyl 
gulosamine from (XXVII), it was first necessary to remove 
the protecting groups. As the trityl group is very sensi-
tive to acidic hydrolysis under mild conditions, this group 
was eliminated with acetic acid {60%) at low temperatures. 
Benzyl li.-0-methyl-N-methyl-4-D-gulopyranosido-(2,3' :i+,5)-
oxazolidone-2 (XXVIII) was thus obtained. Although the 
compound itself could not be crystallized, the isolation of 
crystalline triphenylcarbinol and uniformity in thin layer 
chromatography were good indications of the formation of 
(XXVIII). 
At this stage, the benzyloxy group at the anomeric 
carbon was not removed because, as stated previously, the 
conditions of saponification required for the removal of 
the oxazolidone ring would have caused the degradation of 
the amino sugar. Therefore, the oxazolidone ring was first 
cleaved in the usual manner, and benzyl l|-0-methy 1-2-methyl-
33 
amino-2-deoxy-£-D-gulopyranoside (XXIX) resulted. The 
purity of this syrup was confirmed by TLC. 
For the same reasons cited earlier in the preparation 
of N-methyl gulosamine (XXV), (XXIX) was first acetylated 
and the crystalline benzyl 3>6-di-0-acetyl-Lj.-0-methyl-2-
(N-methylacetamido)-2-deoxy-<£-D-gulopyranoside (XXX) was 
formed. The melting point, Rf value, rotation, and infra-
red spectra of (XXX) were recorded. Analytical results 
further confirmed the formation of (XXX) in pure form.' 
In the final step, (XXX) was then subjected to acidic" 
hydrolysis with dilute hydrochloric acid at moderate 
temperatures. Under these conditions, only the glycosidic 
residue of (XXX) was removed. In order to eliminate the 
acetyl groups, hydrolysis was continued with 2N. hydro- -
chloric acid, and the temperature of the reaction mixture 
was raised. This led to the formation of the final product, 
i^.-0-methyl-2-methylamino-2-deoxy-D-gulose hydrochloride 
(XXXI). The hygroscopic nature of this compound.did not 
allow the formation of crystals. The results of paper 
chromatography indicated the purity of (XXXI). Rotation, 
Rf value, and infrared results were recorded. 
Since the use of the oxazolidone (XVII) as a starting 
material to obtain the ij.-0-methyl ether of N-methyl-D-
gulosamine was a successful process, it was predicted that 
(XVII) would, for similar reasons, prove to be a good 
3k 
starting material for the synthesis of the 1+,6-di-O-methyl 
ether of N-methyl-D-gulosamine. In addition, steric freedom 
at the C-6 position would favor the formation of the 6-0-
methyl ether. 
Thus, (XVII) was directly methylated with the Kuhn 
reagents (21) under conditions similar to those discussed 
previously. Complete methylation of (XVII) led to the 
formation of the crystalline benzyl 14.,6-di-O-raethyl-N-
methyl-<C-D-gulopyranosido-(2'3'tk»$)-oxazolidone-2 (XXXII) 
(Figure 7)« Results of elemental analysis proved that . 
complete methylation of the hydroxy Is at C-lj. and C-6 and 
complete 0 and N-methylation of (XVII) did indeed occur, 
as was anticipated. 
In order to obtain the final product (XXXVI), it was 
first necessary to cleave the five membered ring of (XXXII). 
This was carried out in a basic medium similar to that of 
the prior procedure. Benzyl i|,6-di-0-methyl-2-methylamino-
2-deoxy-«C-D-gulopyranoside (XXXIII) was thus formed. Cleav-
age of the five membered ring and the presence of a methyl-
ated amino group was verified by the formation of a hydro-
chloride of (XXXIII). This occurred when (XXXIII) was 
dissolved in a cold mixture of isopropanoi and gaseous 
hydrogenchloride. Thus, benzyl ij.,6-di-0-methyl-2-methyl-
amino-2-deoxy-eC-D-gulopyranoside hydrochloride (XXXIV) was 
obtained in crystalline form. Results of analysis confirmed 
CH20H 

























the purity of this product. 
Prior to hydrolysis, (XXXIII) was acetylated in the 
same manner and for the same reasons discussed previously. 
Thus, benzyl 3-0-acetyl-l+,6-di-0-methyl-2-(N-raethylacet-
amido)-2-deoxy-£-D-gulopyranoside (XXXV) was obtained. All 
physical characteristics of this crystalline product were 
recorded. Finally, (XXXV) was subjected to acidic hydroly-
sis; first, the benzyloxy residue was eliminated under mild, 
acidic conditions, and second, deacetylation resulted in the 
formation of l4.,6-di-0-methyl-2-methylamino-2-deoxy-D-gulose * 
hydrochloride (XXXVI) in pure, syrupy form. Paper chroma-
tography and other physical characteristics were recorded. 
In addition to the formation of (XXXVI), a small quantity 
of a crystalline side product, with a composition of 
C7H1IJ.O3NCI, was isolated; the nature of this product remains 
unknown. 
The results of paper chromatography for the final 
products of methylated D-gulosamine, (XXV, XXI, and XXXVI), 
showed that by increasing the number of methyl groups in 





noside (XII). Benzyl 3-0-acetyl-2-benzyloxycarbonylamido-
2-deoxy-^-D-glucopyranoside (X), 22.3 g (it-.9 X 10"2 moles), 
which had been vacuum dried for 36 hours at 80° over 
phosphorous pentoxide, was placed in 30 ml of absolute, 
pyridine. To this solution was added II4. g of triphenyl-
methyl chloride, and the mixture was then shaken for l\.2 
hours at room temperature. The whole mixture was poured 
into an ice and water mixture. The resulting semi-solid 
product of benzyl 3-0-acetyl-2-benzyloxycarbonylamido-6-0-
triphenylmethyl-2-deoxy-^D-glucopyranoside (XI) was 
extracted with chloroform. The chloroform was subsequently 
evaporated in vacuo. The product was dried by azeotropic 
distillation with toluene and ethanol, and the pure (XI) 
was obtained. This product could not be crystallized. 
The vacuum dried (XI) was then dissolved in a minimum 
amount of absolute pyridine and the solution cooled to -5°. 
21 ml of methylsulfonyl chloride was added, drop by drop, 
while stirring for a period of 30 minutes. The reaction 
mixture was stored at -5° for 36 hours. Then it was poured 
into a mixture of ice and water which resulted in the 
38 
precipitation of (XII). The precipitate was removed by 
filtration and recrystallized from isopropanol to give 26.5 
grams (70%) crystals of (XII), melting at 132-133°. 
rn32 = +lli|.0(c=l. pyridine). TLC on silicagel with CHCI3/ 
CH3OH {1%). Rf^o.6. 
Cl+3Hlj.30iONS (765.80) 
Calcd: 67.14$ C 5.66% H 21.90% 0 1.83?? N lj..20% S 
Found: 65.81% C 5.88$ H 22.39% 0 1.9i|# N lj..6L$ S 
Benzyl 3-0-Acetyl-2-Benzyloxycarbonylamido-li-O-' 
Methylsulfonyl-2-Deoxy-A-D-Gulopyranoside (XIII). Benzyl 
3-0-acetyl-2-benzyloxycarbonylamido-lj.-0-methylsulfonyl-
6-0-triphenylmethyl-2-deoxy-<£.-D-gulopyranoside (XII), 7 g 
(1.25 X 10"2/moles), were dissolved in 100 ml of glacial 
acetic acid. Then 110 ml of water was added, drop by drop, 
at 95°. The mixture was cooled in the refrigerator for 12 
hours, and the resulting precipitate of triphenylcarbinol 
was removed by filtration. Most of the acetic acid and 
water was distilled from the filtrate in vacuo. Then, it 
was allowed to stand at room temperature. (XIII) was 
extracted with chloroform. The chloroform layer was treated 
with sodium bicarbonate solution until it was neutralized: 
then it was washed with distilled water, dried over anhy-
drous sodium sulfate, and filtered. The chloroform'was 
distilled ijn vacuo, and the residue was dried by azeotropic 
distillation with toluene and ethanol. (XIII), recrystal-
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lized from isopropanol, weighed 7.3 grams (60%), melting., 
at 112-113°. M ^0 « +101° (c = 1. pyridine). TLC on 
silicagel, with CHCI3/CH3OH (1%). Rf^O.2. 
C2i|.H29NS010 (523.56). 
Calcd: £5.0]$ C 5.58% H 2.67% N 30.56% 0 6.13% S 
Found: 51+.81$ C 5.68% H 2.35% N 30.92% 0 5-8l% S 
Ben2vl li,6-Benzylidene-<C-D-Gulopyranos ido-( 2' 3! :lu5)-
Oxazolidone-2 (XVIII). Benzyl «k-D-gulopyranosido-(2«3' :4,5) 
-oxazolidone-2 (XVII), £.9 g (5.952 X 10"2 moles) was 
dissolved in 60 ml of benzaldehyde, and 6 g of fused 
powdered zinc chloride was added to the mixture. It was 
then shaken for a period of 72 hours at room temperature. 
The solution was poured into llj.0 ml of a mixture of diethyl 
ether, hexane and ice water (3:1:3). The product was 
collected by filtration and recrystallized from ethanol 
to yield 7 grams (95%) of (XVIII) in the form of white 
needles, melting at 210-211°. Us} 30 = -9°(c-= 1. pyridine). 
TLC on silicagel with CHCI3/CH3OH (3%). R f » 0.32. 
C21H21O6N C383.il-) -
Calcd: 65.78% C 5.52% H 25.01$ 0 3.66$ N 
F*ound: 65.66% C 5.39% H 25.25% 0 3.8l% N 
Benzyl lu6-Benzylidene-2-Amino-2-Deoxy-<ArD-G'ulo-
pyranoside (XIX). Benzyl I|,6-benzylidene-JL-D-gulopyra-
nosido (2»3':I | . ,5)-oxazolidone-2 (XVIII), 7.66 g (2 X 10"2 
moles), was dissolved in 115 ml of alcoholic potassium 
< 
hydroxide (15%). The mixture was refluxed for a period of 
three hours. Then 100 ml of distilled water was added to 
the cooled mixture, and the ethanol was distilled ^ vacuo. 
The solution was permitted then to stand at room temper-
ature. 100 ml of distilled water was added to the solution 
and the resulting mixture placed in the refrigerator over-
night. The precipitate of (XIX) was formed and washed 
several times with water. Finally, the product was 
collected by filtration and crystallized from isopropanol 
to yield 6 grams (81$) of white crystals of (XIX), melting 
at 125-126°. rjC!30 = + 105° (c = 1. pyridine). TLC on 
silicagel with CHCI3/CH3OH (3#). Rf ~ •!*>• 
C20H23°5N (357.39). 
Calcd: 67.21$ C 6.1^9% H 22.39# 0 3.92# N 
Found: 67.35^ C 6.lj.6?S H 22.61^ 0 1+.105S N 
Benzyl lu 6-Benzylidene-N-Methyl-jy-D-Gulopyranosido-
(2*3* :ii,5)-0xazolidone-2 (XX). Benzyl lj.,6-benzylidene-<>(-
D-gulopyranosido (2'3':lj.,5)-oxazolidone-2 (XVIII), 7.67 g 
(2 X 10"2}moles) was dissolved in 35 ml of N, N-Dimethyl-
formamide (DMF). A mixture of 7 ml of methyl iodide, 15 g 
of barium oxide, and 0.1 g of barium hydroxide octahydrate 
was added to the solution. The mixture was stirred for I4.8 
hours and then filtered. The solids were washed with 5 ml 
of DMF, and the combined filtrates were poured into 100 ml 
of cool, distilled water. The product was extracted with 
100 ml of chloroform (5 X 20 ml). The chloroform layer 
was washed with water and dried over anhydrous sodium 
sulfate. The chloroform was then distilled in vacuo and 
the residue crystallized from isopropanol. The white, dried 
crystals of (XX) gave 7 grams (80%), melting at Hj.O-llj.20. 
£^30 = +60° (c = 1. pyridine). TLC on silicagel with 
CHCI3/CH3OH (1%), sprayed with l$% l^SO^ and 1% anisaldehyde 
in CH3OH. Upon heating the plate at 120° for 30 minutes, 
a fast-moving, reddish spot appeared as distinguished from 
the black spot of the starting material. Rf a .£l. 
C22H23°6N (397.1)0. 
Calcd: 66.1+7% C £.61$ H 21^.16% 0 3-53fc N 
Found: 66.66% C £.81% H 23.97% 0 3.63% N 
Benzyl N-Methyl-<&-D-Gulopyranosido-( 21 V :&,£)-
Oxazolidone-2 (XXX). Benzyl l].,6-benzylidene-N-methyl-^-D-
gulopyranosido-(2»3':l|.,5)-oxazolidone-2 (XX), 3.975 g 
(1 X 10~2 moles), was dissolved in llj.0 ml .of glacial acetic 
acid. The solution was heated to 90-100°, and 80 ml of 
w'ater was added, drop by drop, over a period of 3 hours. 
The cooled solution was evaporated in vacuo at i\.Q°; then 
it was evaporated successively in vacuo with water (twice), 
and with toluene (twice). The resulting syrup was crystal-
lized from isopropanol yielding 1.5 grams {50%) of granular 
crystals of the monohydrated (XXI), melting at 75-76°. 
K(3 0 = +88°(c = 1. pyridine). TLC on silicagel with 
CHCiyCH-OH (3%). Rfaf0.33.-
Cl5H21°7N (327.1+). 
Calcd. for monohydrate 55-02?$ C 6.k&% H 3^.21% 0 
lj.,28% N I4..6OJS N-CH as -CH-
Found for monohydrate 55.21$ C 6.61JS H 3^.09%'0 
l|..20g N 14..71?* N-CH3 as -CH3 
Benzyl lit6-Benzylidene-2-Methylamino-2-Deoxy-<C~D-
Gulopyranoside (XXII). Benzyl Ij.,6-benzylidene-N-methyl-&r 
D-gulopyranosido-(2«3':i|-,5)-oxazolidone-2 (XX), 3.975 g 
(1 X 10""* moles) was dissolved in 50 ml of methanol. Then, 
60 ml of alcoholic potassium hydroxide {!$%) was added to 
the solution. The mixture was refluxed at 85* for a period 
of I4. hours. To the cooled solution, 100 ml of water was 
added. Most of the alcohol from the solution was distilled 
in vacuo. The reaction mixture was allowed to stand at 
room temperature for 1 hour. Then, it was poured into a 
mixture of ice and water. The resulting crystals were 
removed by filtration and were washed several times with 
water. Finally, they were recrystallized from isopropanol 
yielding 2.9 grams (79$) of white crystals, which melted at 
-d. M 30 = +133.5°< 
silicagel with CHCI3/CH3OH (3#). Rf c*0.l5. 
133-134 • W (c » 1. pyridine)-. TLC on 
C21H25°£N (371.il-). 
Calcd. 67.91ft C 6.78% H 21.£1$ 0 3.78# N 
Found 67.95% C 6.86# H 22.50S& 0 3.7^ N 
Benzyl 2-Methylamino-2-Deoxy-<£-D-Gulopyranoside 
Acetate (XXIII). Benzyl l^,6-benzylidene-2-methylamino-2-
deoxy-£-D-gulopyranoside (XXII), 2.23 g (6 X 10"3 moles), 
was dissolved in II4.0 ml of glacial acetic acid. The 
solution was heated to 90-100°, and 80 ml of water was 
added at this temperature, drop by drop, over a period of 
three hours. Then the solution was evaporated _i.ii vacuo at 
[}.0*j it was then evaporated successively with water (twice) 
and toluene (thrice). The resulting product was dissolved 
in a minimum amount of isopropanol. Isopropyl ether was 
added to turbidity. After storing the solution in the 
refrigerator for 12 hours, crystals formed which were then 
separated by filtration and again recrystallized from iso-
propanol to yield the crystalline acetic acid salt (XXIII), 
weighing 1.65 grams (80%), which melted at 60-61°. 
M 30 « +81° (c = 1. pyridine). TLC on silicagel with 
D 
CHCI3/CH3OH {2%). Rf a 0 .33 . 
C16H2£07N (3W.ll-). • 
Calcd. for a c e t i c acid s a l t $$.96% C 7.31$ H 32.6l# 0 
k-,01% N 
Found fox- ace t i c acid s a l t $k*97% C 7.39ft H 32.6lft 0 
k.26ft N -• 
Benzyl 3.l4.,6-Tri-0-Acetyl-2-(N-Methylacetamido) -2-
Deoxy-<£-D-Gulopyranoside (XXIV). Benzyl 2-methylamino-2-
deoxy-<£-D-gulopyranoside acetate (XXIII), 0.283 g (8.2lj. X 
10"̂ " moles), was carefully dried and dissolved in a minimum 
amount of absolute pyridine and the solution cooled to 0°. 
An excess of acetic anhydride (1 ml) was added to the 
solution which was allowed to stand at room temperature for 
36 hours. The solution was poured into an ice and water 
mixture. This resulted in the precipitation of .29 gram 
(8092) of (XXIV) which was crystallized from isopropanol to 
yield white crystals, melting at 155-156°. jyj 30 = +Lj.9° 
(c = 1. chloroform). TLC on silicagel with CHCI3/CH3OH 
(395). R f * 0.75. 
C22H29°9N t^1-1^) 
Calcd. 58.52* c 6.1|8# H 31.9092 0 3.10ft N 
Found 57.939S C 5.889S H 32.5595 0 3.629S N 
2-Methylamino-2-Deoxy-D-Gulose Hydrochloride (XXV). 
Benzyl 3A>6-tri-0-acetyl-2-(N-methy lacetamido)-2-deoxy-^-
D-gulopyranoside (XXIV), 0.^51 g (IX 10~3 moles), was 
dissolved in 90 ml of warm 2N. hydrochloric acid. The 
s'olution was heated at 55-60° for a period of three hours. 
This was followed by refluxing for an additional two hours. 
The solution was then allowed to stand at room temperature 
for one hour. The brownish solution was decolorized by 
charcoal and filtered. The colorless filtrate was distilled 
at 55*in vacuo. Distilled water was added (twice) and then 
distilled. The product was dried by successive addition of 
ethanol (thrice) and toluene (ithrice), with subsequent 
distillation in vacuo. At the end, the thick syrup was 
dissolved in hot isopropanol and stored in the refrigerator 
for 2I4. hours. Crystals of the product were formed in the 
cold isopropanol, but, due to their extremely hygroscopic 
nature, they could not be isolated. The isopropanol was 
distilled jji vacuo and the product further dried at -50° .in -
vacuo. The dried product of (XXV) yielded 0.185 grams (8o#). 
t>330 = -13»7°(c = 5.06. water). Descending, Watman No. 1 
paper in pyridine/ethylacetate/acetic acid/water (10:10: 
1:1).' R = 0.^6 Rf « 1.25 Rf = 1.11 
solvent glucosamine Hcl gulosamine Hcl 
Benzyl 6-0-Triphenylmethy l̂ •̂ lk̂ D̂̂ -Gulopŷ anosido-
(2'3t :li,5)-0xazolidone-2 (XXVI). Benzyl <£rD-gulopyrano-
sido-(2»3' il|.,5)-oxazolidone-2 (XVII), 5.8 g (0.2. X 10"2 
moles), was dissolved in 30 ml of absolute pyridine, and 
the mixture heated at 110° for 3 hours. Then, the reaction 
mixture was poured into an ice and water mixture where 
(XXVI) formed as a precipitate. It was then removed by 
filtration and crystallized from hexane and diethyl' ether, 
yielding 7.2 grams {70%) of crystals which melted at 139-
114.0*. [/I 30 = +8.5°(c «» 1. pyridine). TLC on silicagel 
ij-6 
with CHC1 /CH3OH (1.5%). Rf ~ 0,15. 
C33H3106N (537.6) 
Calcd. 73.72% C 5.8l°/o H 17.86?S 0 2.61% N 
Found 73.75% C 6.00% H 17.09% 0 2.90% N 
Benzyl ii-Q-Methyl-N-Methyl-6-Q-Triphenylmethyl-J^D-
Gulopyranos ido-(2« 3':li,5)-Qxazolidone-2 (XXVII). Benzyl 
6-0-triphenylmethyl-^-D-gulopyranosido-(2'3lsi4.,5)-oxazoli-
done-2 (XXVI), $.\\. g (IX 10"2 moles), was dissolved in 20 
ml of pure N, N-dimethylformamide, followed by addition of 
15 9 of barium oxide, 0.1 g of barium hydroxide octahydrate, 
and an excess of 2 ml of methyl iodide. The whole mixture 
was stirred at room temperature. After 90 hours, the 
mixture was filtered, and the solids were washed with a 
small amount of N, N-dimethylformamide. The combined 
filtrates were poured into a mixture of ice and water. This 
resulted in the precipitation of (XXVII), which was then 
removed by filtration. It was first crystallized from 
isopropanol and then by a mixture of diethyl ether and 
heptane. This yielded if.5 grams (80%) of (XXVII) in the 
form of mushroom-like white crystals, melting at 65-70°. 
'1&2.B = +75°(c = 1. pyridine). TLC on silicagel with 
CHCI3. Rf «rf 0.66. 
C35H35°6N (565.6) 
Calcd. T1+-31# C 6.22% H 16.98% 0 2.1j.8% N £.ij.8* -OCHo 
1+7 
Found 75.0l# C 6.82ft H 15.81$ 0 2.lj.8# N k..Qj% -OCH-
Benzyl 3.6-Di-Q-Acetvl-i4--0-Methvl-2-(N-Methvlacet-
amido)-2-Deoxy-jrD-Gulopyranoslde (XXX). Benzyl Ij.-0-methyl-
N-methyl^-O-triphenylmethyl-^-D-gulopyranosido-^^' ik>5)~ 
oxazolidone-2 (XXVII), 5.6 g (1 X 10" 2 moles), was dissolved 
in 50 ml of giiacial acetic acid. The solution was heated to 
80°, and 50 ml of water was added, drop by drop, over a 
period of 1 hour. The heating was continued for another 
2 hours. The cooled mixture was filtered, and the tri-
phenylcarbinol precipitate was removed. The filtrate was 
evaporated in vacuo at I4.O0, then evaporated successively 
with distilled water and twice with toluene/ethanol. The 
resulting dry syrup of benzyl l+-0-methyl-N-methyl-£-D-
gulopyranosido (2'3! :l4.,5)-oxazolidone-2 (XXVIII) weighed 
2 grams. The purity of the syrup was confirmed by TLC. 
(XXVIII), 2 g, was then dissolved in 25 ml of 
methanol; 3 9 of potassium hydroxide was added. The 
solution was refluxed at 80-90° for a period of 1+ hours. 
After cooling, the product was extracted with 100 ml of 
chloroform (5 X 20 m l ) , and, each time, the chloroform 
layer was washed with water. The chloroform layer was 
collected and dried over anhydrous sodium sulfate. The-
chloroform was evaporated in vacuo where it yielded 1 gram 
of the dry syrup of benzyl I4.-0-me thy 1-2-methyl ami no-2-deoxy-
M3 
4,-D-gulopyranoside (XXIX). The purity of (XXIX) was 
verified by TLC. 
One gram of the vacuum dried (XXIX) was dissolved in 
a minimum amount of absolute pyridine and cooled to 0°. Ah 
excess of acetic anhydride (2 ml) was added and the reaction 
mixture allowed to stand at room temperature for 36 hours. 
Pouring the solution into an ice and water mixture resulted 
in the precipitation of 1.3 grams (31% based on XXVII) of 
(XXX). Crystallization with isopropanol/heptane yielded 
white crystals, melting at 88-90°. rj.1 27 = +72.2°. (c = 1..-
chloroform). TLC on silicagel with CHCK/CH.OH (1.5%). 
Rf & .33. 
C21H29°8N ^3.1|5) 
Calcd. 59.52% C 6.91% H 30.23%.0 3.31% N 7.32% -0CH 
Found 59.65% C 7.05% H 30.03% 0 3.^9% N 7.67% -OCH3 
U.-0-Methyl-2-Methylamino-2-Deoxy-D-Gulose Hydro-
chloride (XXXI). Benzyl 3,6-di-0-acety1-1^.-0-me thy 1-2-
(N-methylacetamido)-2-deoxy-<j(-D-gulopyranoside (XXX), 0.5 
g (1.18 X 10*3 moles), was dissolved by heating in 30 ml of 
2N. Hcl. The mixture was first heated at 55-60* for 3 
hours. This was followed by refluxing the mixture for 
2 additional hours. The reaction mixture was decolorized 
with charcoal, at room temperature, and filtered. The 
filtrate was evaporated in vacuo, and distilled water was 
k9 
added (twice), followed by evaporation in vacuo. The 
residual syrup was dried by azeotropic distillation in vacuo 
successively with ethanol (twice) and toluene (twice). The 
product formed only hygroscopic crystals in isopropanol. 
Therefore, the isopropanol was evaporated jLn vacuo which 
resulted in the formation of 0.1$ g (5$%) of the dried * 
(XXXI). fjtf 30 = -20P(12 hours) (c = 1.6. water). 
Descending, Watman No. 1 paper in pyridine/ethylacetate/ 
acetic acid/water (10:10:1:1)." Rf « 0.53 Rf = l»k$ "• 
solvent glucosamine Hcl 
Rf = l.i+0 
gulosamine Hcl 
Benzyl Jj.,6-Di-Q-Methvl-N~Meth.vl-<jC-D-Gulopvranosido» 
(2'3,:i4.,$)-Oxazolidone»2 (XXXII). Benzyl ^-D-gulopyrano-
sido-(2'3':J+,5)-oxazolidone-2 (XVII), Ij. g (1.37 X10"2 
moles), was dissolved in 30 ml of N,N-dimethylformamide 
(DMF), followed by addition of 12 g of barium hydroxide, 
0.1 g of barium hydroxide octahydrate, and 4 ml of methyl 
iodide. The mixture was stirred at room temperature for a 
period of 72 hours, filtered, and the solids washed with 
a little solvent. The combined filtrates were poured into 
t00 ml of distilled water, and the methylated product was 
extracted with diethyl ether and chloroform. The combined 
extraction solvents were washed with a small quantity of 
water and then dried on anhydrous sodium sulfate. Finally, 
50 
they were evaporated jji vacuo. The syrupy residue was 
dissolved in methanol and twice decolorized with charcoal. 
The charcoal was removed by filtration, and the filtrate 
was allowed to stand in the refrigerator for several days. 
Thus, 2.$ grams (57%) of (XXXII) was obtained as rocky 
crystals, melting at 90-91°. £ U 30 = +78.5°(c = l. 
pyridine). TLC on silicagel with CHCiytH^OH (1.5%). 
Rf d 0.J+. 
C17H2306N (323.3I1-) 
Calcd. 60.53% C 6.87% H 28.1̂ 5% 0 k-15% N 18.1*0%. -OCHo -
ij..50% N-CH3 J 
Found 60.29% C 7.01% H 28.55% 0 1+.11%N 18.91% -OCH^ 
if.69% N-CH3 •* 
Benzyl l4,6-Di-Q-Methyl-2-Methy lamino-2-Deoxy-,H> 
Gulopyranoside (XXXIII). Benzyl l|.,6-di-0-methyl-N-methyl-
«A-D-gulopyranosido-(2«3l:lj.,5)-oxazolidone-2 (XXXII), 3 9 
(9.279 X 10"3 moles), was dissolved in 15 ml of ethanol 
(95%). Then 25 ml of alcoholic potassium hydroxide (15%) 
was added. The solution was refluxed at 80* for a period 
of I4. hours. After cooling, the product was extracted with 
chloroform, washed with water, and dried on anhydrous 
Sodium hydroxide. The chloroform was evaporated In vacuo. 
(XXXIII) was recrystallized from isopropanol to yield 1;75 
grams (61%) of crystals, melting at 33-31+°. CXX §7 = +9i+.5° 
(c = 1. pyridine). TLC on silicagel with CHCl /CH OH (1.5%). 
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Rf ot • 2p • 
c l6 H 25°5 N (311.37) 
Calcd. 6l .73# C 8.10% H 25.69% 0 lj..50% N 19.93% -OCH3 
Found 62.66% C 8.30% H 2l|..77% 0 k-hM N 20.25% -OCH3 
Benzv 1 lu 6-Di -0-Me thy 1 -2-Methy lami no-2-Deoxy -JC-D.-
Gulopyranoside Hydrochloride (XXXIV). Benzyl 4 , 6 - d i - 0 -
methyl-2-methylamino-2-deoxy-*-D-gulopyranoside (XXXIII), 
0.1 g (3 .21 X 10"^ moles) , was dissolved in 10 ml of meth-
anol . The so lu t ion was cooled to 10°. . 0 . 1 g of hydrogen-
ch lor ide was dissolved in 10 ml of isopropanol . This 
so lu t ion was added t o the above methanolic so lu t ion of 
(XXXIII), and the solvent was evaporated, a t k0° in vacuo. 
Diethyl e ther was added to the cooled r e s idue . The c r y s t a l -
l ine p r e c i p i t a t e of (XXXIV) was co l l ec t ed by f i l t r a t i o n and 
r e c r y s t a l l i z e d from isopropanol to y ie ld 0.09 gram (78%) of 
of (XXXIV), melting a t 176-177°. M 3 0 = +87.5° (c = 1. 
p y r i d i n e ) . TLC on s i l i c a g e l with CHCI3/CH3OH (7%). • 
Rf -at .33- " 
C16H26°5N C 1 
Calcd. 55.21$ C 7.53% H 23.00% 0 it..03% N 10.19% CI 
17.85% -OCH3 4 .31* N-CH3 
Found 55.27% C 7.36% H 23.21% 0 ij..l5% N 10.06% CI 
17.80% -OCH3 4.28% N-CH3 
Benzyl 3-0^Acetvl-li t6-Dl-0-Methyl-2-(N-Methylacet-
amido) -2-Deoxy-<C-D-Gulopyranoside (XXXV). Benzyl 4 , 6 - d i - 0 -
52 
methyl-2-methylamino-2-deoxy-/-D-gulopyranoside (XXXIII), 
1 g (3*21 X 10*^ moles), was dissolved in a minimum amount 
of absolute pyridine and the solution cooled to 0 °. An 
excess of acetic anhydride (2 ml) was added. The mixture 
was allowed to stand at room temperature for 36. hours. It 
was then poured into an ice and water mixture, and the 
precipitate was collected by filtration, washed with water, 
and dried. (XXXV) was finally recrystallized from isoprop-
anol to yield 1.11+ g (105.5*), melting at lOi^-lOS*. ;' 
H3 30 = +57.5° (c = 1. pyridine). TLC'on silicagel.with 
D 
CHCI3/CH3OH (1.5*). Rfcfo.5. 
C20H29°7N C39^.i+3) 
Calcd. 60.81$ C 7.31$ H 28.32* 0 3-55* N 15.70* -OCH. 
lj.,00* N-CH3 * 
Found 60.62* C 7.26* H 28.39* 0 3.71* N 15.72* -OCH. 
I4..O6* N-CH3 -> 
[u6-Di-0-Methy1-2-Methylamino-2-Deoxy-D-Gulose 
Hydrochloride (XXXVI). Benzyl 3-0-acetyl-i+,6-di-0-methyl-
2-(N-methylacetamido)-2-deoxy-*-D-gulopyranoside (XXXV), 
0.80 g (2 X 10"^ moles), was dissolved in 100 ml of warm 
2N. HC1. The mixture was heated to 55-60° for 2 hours, 
followed by refluxing for 2 hours. It was then decolorized 
by charcoal, at room temperature, and filtered. The 
filtrate was evaporated in, vacuo. Distilled water was added 
twice to the residue and evaporated ,in vacuo. The product 
53 
was dried by the successive addition of ethanol (twice), 
then toluene, each followed by evaporation in vacuo. The 
thick syrup could not be crystallized due to its hygroscopic 
nature. The dried product of (XXXVI) weighed 0.27 gram 
(60#). [j.] 30 = -11.6 6 (c = 1.8i|. water). Descending, 
Watman No. 1 paper in pyridine/ethylacetate/acetic acid/ 
water (10;10J1J1). Rf = 0.7$ Rf = 2.0 
solvent glucosamine Hcl 





A great variety of amino sugars, among these D-
gulos.amine in the ..streptomyces group, has been found in 
antibiotics. In the same group, an N-methylated amino 
sugar, N-methyl-L-glucosamine, has been isolated. Although 
N-methyl-D-gulosamine has not been found in nature until 
now, its ultimate discovery would not be surprising in this 
context. In the present work, this amino sugar and.some 
important derivatives have been prepared for the first time; 
starting from D-glucosamine, a pure benzyl 3-0-acetyl-2-
benzyloxycarbonylamido-2-deoxy- -D-glucopyranoside (X) was 
obtained by a series of known processes. Benzyl 3-0-acetyl-
l|.-methylsulfonyl-2-deoxy- -D-glucopyranoside (XIII) and some 
of its derivatives were obtained from (X). An attempt was 
made to obtain benzyl -D-gulopyranosido (2'3' :i|.,5)-
oxazolidone-2 (XVII), by a route different from that of 
Gross, Brendel, and Zimmerman (6). Since the yield of 
the starting material (XIII), to be used for the preparation 
of the oxazolidone (XVII), was not high enough, the oxazoli-
done (XVII), which was the starting material for this 
investigation, was synthesized in the original manner. 
When positions k and 6 of the oxazolidone (XVII) were 
blocked by the benzylidene group, methylation occurred only 
55 
at the nitrogen. Mono-N-methyl-gulosamine (XXV) and some of 
its derivatives were synthesized in this way. When only the 
6-position of the oxazolidone (XVII) was blocked, the 
hydroxy 1 group in the [̂ -position was also methylated. In 
this way, the i|.-0-methyl ether of N-methyl-D-gulosamine 
(XXXI) could be synthesized. The ]+, 6-0-methyl ether of*N-
methyl-D-gulosamine (XXXVI) was synthesized by direct 
methylation of the oxazolidone (XVII) and subsequent 
cleavage of the blocking groups. 
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so lven t : TLC on s i l i c a g e l with CHCI3/CH3OH (1%). 
Benzy1 3-0-acety1-2-benzy1oxycarbonylami do-2-deoxy-6-0-
triphenylmethyl-o<~D-glucopyranoside (XI) . 
Benzyl 3-0-ace ty 1-2 -benzyl oxycarbony lami do-2-deoxy-ot-D-
glucopyranoside (X). 
Benzyl 3-0-acetyl-2-benzy 1 oxycarbonylamido-2-deoxy-l4--0-
methylsulfonyl-6-0-triphenylmethyl-cl-D-glucopyranoside 
(XI I ) . 
Benzyl 3-0-ace ty l -2-benzy loxycarboy lami do-2-deoxy -I4.-0-
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Sample Number 
Figure 9. Chromatographic comparison of derivatives 
of 2-methylamino-2-deoxy-D-gulopyranoside. 
Solvent: TLC on silicagel with CHCI3/CH3OH (3>%). 
1. Benzyl o(-D-gulopyranosido-(2t3l :!}., 5)-oxazolidone-2 
(XVII). 
2. Benzyl l^S-benzylidene-ot-D-gulopyranosido-^^1:4*5) -
oxazolidone-2 (XVIII) . 




5 . Benzyl i4.,6-benzylidene-2-methylatnino-2-deoxy-o(-D-
gulopyranoside (XXII).. 















~2 5 5" 
Sample Number 
Figure 10. Chromatographic comparison of derivatives 
0f ^-o-methyl-2-methylamino-2-d'eoxy-D-gulopyranoside. 
Solvent: TLC on silicagel with CHCI3/CH3OH (l.£#). 
1. Benzyl o*-D-gulopyranosido-(2»31 :4,5)-oxazolidone-2 
(XVII). 
2. Benzyl i^-O-methyl-N-methyl-d-D-gulopyranoside (XXIX). 
3 . Benzyl 6-0-triphenylemthyl-ol-D-gulopyranosido-(2 l 3 ' : 
lj.,5)-oxazolidone-2 (XXVI). 
k. Benzyl I|.-0-methyl-N-methyl-6-0-triphenylmethyl-«(-D-


































Figure 11. Chromatographic comparison of derivatives 
of Ij., 6-d i -0-me thy 1 -2-me thy lami no-2-deoxy-D-gul opy ranos i de. 
Solvent: TLC on silicagel with CHCI3/CH3OH {!.$%). 
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Figure 17. Infrared spectrum of benzyl 2-methylamino-2-dedxy-p(-D-gulopyrano 
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Figure 22. Infrared spectrum of benzyl 3>6-di-0-acetyl-l4.-0-methyl-2-(N-
methylacetamido)-2-deoxy-«<-D-gulopyranoside (XXX). , 4^ 
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Figure 23« Infrared spectrum of ij.-0-methyl-2-methylamino-2-deoxy-D-gulose 
hydrochloride (XXXI). -^ 
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Figure 2l|. Infrared spectrum of benzyl !j.,6-di-0-methyl-N-!nethyl-tf-D-gulo-
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Figure 26. Infrared spectrum of benzyl ij.,6-di-0-methyl-2-ftiethylamin6-2-deoxy-
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Figure 27. Infrared spectrum of benzyl 3-0-acetyl-Ij.,6-di-0-methyl-2~(N-
methylacetamxdo)-2-deoxy-el-D-gulopyranoside (XXXV). 
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Figure 28. Infrared spectrum of i|.,6-di-0-methyl-2-methylamino-2-deoxy-B-
gulose hydrochloride (XXXVI). 
